Serratia marcescens has emerged in the last few years as an important nosocomial pathogen. Many methods for typing this organism have been described. In this study the random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) was shown to be a convenient typing method for S. marcescens. Different combinations of primers previously used for typing other gram-negative bacilli were assessed. The combination of primer HLWL-74 and 1254 gave distinguishable patterns for different serotypes and proved to be the most satisfactory. By applying this combination to 175 isolates of S. marcescens, which could be classified into 38 groups on the basis of serotyping and phage typing, 73 different RAPD patterns with good reproducibility were obtained. This is, to our knowledge, the first application of the method to a large collection of S. rnarcescens representing a wide range of serotypes.
Introduction
Over the last 30 years Serratia marcescens has emerged as an opportunist pathogen and a cause of significant nosocomial infections of varying severity. These include urinary tract infection [ 11, meningitis [2] , endocarditis [3] and septicaemia [4, 51 . Some of these infections have proved difficult to treat because the strains involved are resistant to a wide range of antibiotics [6] . Many outbreaks of infection have been caused by S. marcescens, of which the first was reported by Wheat et al. [7] in 1951, with most caused by the serotype 014, K14 [8, 91 . No common environmental source has yet been determined. It is essential to be able to distinguish between isolates to demonstrate the source of infection, and to determine the relationship between isolates from different patients and from the environment. It may also be important to characterise multiple isolates from the same patient to distinguish relapsing infection from re-infection. For this a satisfactory typing method is required.
Different methods have been used to type this organism including biotyping [ 101, antibiogram [8] , ribotyping [ 1 1, 121 , serotyping [ 13, 141 , phage typing [ 151, bacteriocin production and susceptibility [8, 161 , and protein fingerprinting [17, 181 . However, none of these methods has been found to be satisfactory because of insufficient discrimination, poor reproduci-bility, lack of availability of specific reagents, or through technical difficulties. Others require a considerable amount of time, expertise or equipment; for example, pulsed-field gel electrophoresis (PFGE) which has been found recently to be of value in detecting an outbreak of infection due to 5'. marcescens in a neonatal intensive care unit [ 
191.
The polymerase chain reaction (PCR) has been demonstrated as a useful method for typing many micro-organisms [20] . The PCR with random amplified polymorphic DNA (RAPD) analysis has been used successfully for typing different organisms, including some gram-negative bacteria [2 1-25] . However, the method has been applied to only a small number of isolates of S. marcescens [26] .
S. marcescens originally emerged in a hospital served by our laboratory in the early 1980s as a cause of infection and in 1984 two simultaneous outbreaks were reported [27] . Following an interval of 3 years, S.
marcescens re-appeared and has been isolated regularly from a range of patients in different hospitals served by the laboratory. Rapid discrimination between isolates is clearly important to the understanding of this new endemic organism. The present study assessed RAPD-PCR with different combinations of five 10-mer primers for this purpose. The most discriminatory combination was. applied to the characterisation of 175 isolates of S. marcescens, some of different serological, phage and antibiotic susceptibility patterns, to build up a library of banding patterns for this organism.
Materials and methods

Strains and identification
The 175 S. marcescens isolates tested were from patients admitted to one of four Dublin hospitals over a period of 3 years (1993-1995) . At least one isolate from each colonised or infected patient was included. All isolates were routinely identified in the diagnostic laboratory by the API 20E system. A short series of carbohydrate fermentation tests, sorbitol, raffinose and arabinose, was necessary to confirm the identification [lo] . Urease and DNAase tests, as recommended by Grimont and Grimont [28] , were also used.
Serotyping and phage typing
All isolates were sent to the Laboratory of Hospital Infection, Central Public Health Laboratory, 6 1 Colindale Avenue, London, for serological and phage typing. The isolates used in the study were divided into different groups according to their serological types. Some of those of the same 0 and K serological types could be 'subdivided into subgroups according to their phage types (Table 1) . Five strains were chosen on the basis of their serological and phage types to assess the combinations of five different primers ( Table 2) .
Extraction of genomic DNA S. marcescens was harvested from a MacConkey agar plate, which had been incubated aerobically for 24 h at 37°C. The bacteria were washed twice in Tris-HCl buffer (pH 8.0) containing 10 m~ EDTA (TE). DNA was extracted with pheno1:chloroform:isoamylalchohol (PCI) (25:24:1) by a method similar to that described by Xia et al. [21] . Briefly, the pellet was resuspended NT, not typable; ND, not done; NA, not applicable; 11 . . ., different phages shared with phage 11; 9 . . ., different phages shared with phage 9; V, these isolates had variable phages which were different from the above. *Two isolates of 016, K3255 that were not phage typable shared RAPD patterns with those of the same serotype susceptible to phage 4 and two others shared the RAPD pattern with those susceptible to phages 1 and 4. The remaining two were indistinguishable from each other but otherwise distinct.
tThese two patterns were considered as subgroups because of only one band difference ( The amplification parameters were similar to those described by Riain et al. [31] and included four cycles of 94"C, 5 min; 36"C, 5 min; 72"C, 5 min, 30 cycles of 94"C, 1 min; 36"C, 1 min; 72"C, 2 min, and finally 72°C for 10 min. Electrophoresis of 15 pl of the mixture was done as described by Xia et al. [21] with agarose 2% gel in 0.5 X TBE buffer. A 100-bp DNA ladder (5 pl; Gibco, BRL) was used as a size marker. DNA was detected by staining with ethidium bromide and gels were photographed under U V light.
Primers
Five primers used in RAPD typing of other gramnegative organisms were used for this study. 
Reproducibility
To determine whether RAPD patterns for a strain were stable over time, DNA was extracted from four isolates -from nutrient agar slopes (NAS) kept at room temperature and from isolates stored in Protect beads (Technical Services Consultants Ltd, Bury, Lancs) at -70°C -on 3 days and subjected to the RAPD technique. In addition, different colonies of the same culture were tested by subculturing six colonies from the same pure culture and extracting the DNA on the following day and subsequently applying the technique. Lastly, a number of isolates of serotype 016 which were' epidemiologically related were typed simultaneously.
Results
Iden tiJica tion
In the present study, only 85% of isolates gave an API 20E profile corresponding to a 'good identification' at the species level. Therefore, the identification was confirmed by arabinose fermentation in a separate tube [lo] .
Primer selection
The most suitable combination of primers was chosen on the basis of clarity and number of bands yielded for a selection of isolates. None of the-five primers applied individually to the strains shown in Table 2 This combination gave good results for the discrimination between different species and different serological types, but not between different strains of the same serotype. However, some of the primer combinations appeared discriminatory for some of the strains listed in Table 2 but not for all. This can be seen in Fig. 1 which shows the use of the combinations of HLWL-74 and 1281, and HLWL-74 and 1283. The bands obtained with these and other combinations were not sufficient to allow comparison between the strains. With some combinations some strains did not produce any bands. Fig. 2 shows the result of using the combination of HLWL-74 and 1254 which was applied to the five strains shown in Table 2 . The banding patterns were clearly distinguishable for different serotypes. Two related isolates yielded identical patterns. These two isolates were from a patient with a S. rnarcescens septicaemia and from the blood bag from which he was transfused. Because of its apparent usefulness, this combination of HLWL-74 and 1254 was used subsequently to build up the library of different banding patterns, discernible by eye, of 175 S. marcescens isolates.
Establishing the library of banding patterns
On the basis of one or more band differences, 23 different banding patterns were obtained for the 80 isolates of serotype 014, K14 which had been subdivided into eight groups on the basis of their Table 2 ).
phage susceptibility. If patterns were considered differ-. ent on the basis of at least two band differences, 12 distinct banding patterns were recognised for these 80 isolates. Some strains of the same phage type gave different banding patterns while others were indistinguishable or differed by not more than one band.
Among 33 isolates of serotype 016, K3255, five banding patterns which differed by one or more bands were obtained. However, 29 isolates differed only in one reproducible band and so could be classified into two subgroups (containing 23 and six isolates, respectively). Two of the remaining four isolates were indistinguishable from each other and two more gave different banding patterns to these and to each other. Therefore, on the basis of at least two band differences, four RAPD types could be assigned to this serotype. Other isolates of different 0 and K serotypes gave banding patterns which differed by at least two bands from each other and from those given by the 014 and 016 isolates. In all, 73 different banding patterns were obtained, or 61 patterns differing by two or more bands, for the 175 isolates of S. marcescens tested.
Reproducibility
Extracting the DNA from a single organism grown and stored on NAS on three occasions did not yield reproducible results for the four strains tested, as shown in Fig. 3a . In contrast, extraction of DNA from the same strains stored at -70°C yielded reproducible results (Fig. 3b) with the exception of one strain (Fig.  3b lanes 3-5) . Extraction of DNA from six colonies of the same culture of two strains resulted in good reproducibility (Fig. 4) . Lastly, isolates of the same strain defined by another typing method (016 serological type) gave the same banding patterns when they were typed simdianeously (Fig. 5) .
Discussion
A number of methods for typing S. marcescens have been described previously including biotyping, serotyping, phage typing, antibiograms and bacteriocin typing. [8] . Ribotyping has also been used and has been reported to be more discriminatory than biotyping, serotyping and bacteriocin typing and has equivalent discriminatory power to total DNA analysis [ l l , 121. However, because of technical difficulties and the prolonged time needed for southern blot analysis, its clinical use has been limited. A PCR-based method which amplifies DNA between enterobacterial repetitive intergenic consensus (ERIC) sequences has been applied successhlly to S. marcescens [29] . Biotyping cannot always distinguish between epidemiologically unrelated strains [8] . Many strains give very similar reactions while others can give irregular results for certain tests like the arabinose fermentation test in the API 20E system. However, this test gives reproducible results in peptone water separately from the API 20E system. Bacteriocin typing has been useful for 'typing other species, but when applied to S. marcescens it has not always been able to distinguish between epidemiologically unrelated strains [8] . Phage typing may be of value only in subdivision of strains of the same 0 group from the same incident of infection [lo] . Serotyping is the standard method available for typing S. marcescens, but has some limitations which lie in knowledge of the target organism, and there are few technical difficulties. Furthermore, it is very quick and convenient to perform, as a strain can be typed within 48 h of harvesting the cells from the agar medium. Although some authors have boiled the cells to extract the DNA [24, 291 in order to simplify the method, the present study was not able to detect any PCR products with two such methods, although extraction of the DNA by PCI followed by alcohol precipitation was always successful. The RAPD-PCR method (which is sometimes referred to as arbitrarily-primed PCR), has not been used, to our knowledge, to type this organism except for the recent study by Bosi et ul. The study showed that the technique is clearly reproducible on the basis of three parameters: testing isolates at different times; testing different colonies of the same culture; and, more importantly, testing the . same serotypes from different patients. Interpretation of typing patterns obtained from any molecular method is subjective. Genetic events such as point mutations may change the DNA patterns by two or three bands, disguising a relatedness between two isolates [34] . Different centres are liable to give entirely different interpretations of relatedness of strains [34] . The nearest that can be achieved in standard conditions is by running the DNA from the isolates under investigation on the same gel [35] . The number of band differences that can be allowed depends on the total number of bands obtained by the method used and the reliability and reproducibility of the method. However, normally more than two band differences are considered sufficient to distinguish between strains. To ensure reproducibility, the present study showed that isolates should be tested immediately after isolation from the clinical sample or stored at -70°C prior to DNA extraction. The discrimination afforded by RAPD and its reproducibility gives confidence in this approach to typing S. marcescens and indicate that this method should facilitate future epidemiological investigations.
